It is a great honour and a privilege for me to write this commemorative article following the 2013 International Award of the Japan Society of Hydrology and Water Resources. First, I would like to show my gratitude and appreciation to the Society for selecting me for this award. I consider it has a great honour for me and my country.
Having described about myself, it is also apt for me to highlight some thoughts about hydrology and water resources as this award is for Hydrology and Water Resources. Water is a precious resource necessary for all forms of life. The importance and role of water in societies are exemplified in the following visionary statements in history:
"To control China one must first control water" -Guan Zhong, politician and statesman during the Spring and Autumn period of Chinese history (c 720-645 BC) "Not a drop of water that falls from the heavens shall flow into oceans without being utilized by man" -King Parakramabahu the Great (King of Sri Lanka, 1153-1186) "One who solves water problems in the world deserves two Nobel Prizes, one for Peace and one for Science" -Late President of USA, John F Kennedy (1917 -1963 . "The deficit of freshwater is becoming increasingly severe and large-scale -whereas, unlike other resources, there is no substitute for water" -Mikhael Gorbachev, the founding president of Green Cross International and President of the former Soviet Union (March 12, 2012 at the World Water Forum) Of the total water resources on earth, only about 2.5 % is fresh and that includes the water content of ice caps and glaciers, inland lakes, soil water, ground water, atmospheric water and river and stream storages. Of this, the extractable part is only of the order of about 0.5 %. Although renewable and abundant in nature, fresh water has spatial and temporal variability. It is this temporal and spatial variability, the unabated increase of human population and the changing life styles that pose challenges to water managers and policy makers.
One of the main water problems around the world today is the lack of potable water. The health of a nation depends upon the level of cleanliness of the domestic water supply. It is a problem that is often ignored or sidelined by developed countries as it is only a problem of the poor and the developing countries. Close to a billion people in the world do not have access to safe drinking water and more than twice as many do not have access to proper sanitation. In this respect, the millennium development goal of halving the number of people with no access to proper sanitation facilities is not likely to be met by the target year 2015. The consequences of not having access to safe potable water are serious particularly in developing countries which suffer from various types of water-borne diseases some of which result in premature death. According to UN statistics (UN Water), a child dies every 20 seconds as a result of poor sanitation. Unlike a major flood or an earthquake which affect a small region with high population density, the effect of the lack of drinking water is spread over vast areas with relatively low population densities. From the media point of view, such widespread and prolonged suffering receives much less attention compared with that received for high impact disasters such as earthquakes and major floods. The main challenge for future is how to guarantee water and food security to all inhabitants of the world.
The second challenge in this context is how to produce our food (and energy sources) at the least water cost. The global average food intake has increased from 2250 kcal in 1961 to 2800 kcal in 2000, although, in South Asia and sub-Saharan Africa, it still remains at 2450 kcal and 2230 kcal respectively (IWMI, 2006) . This increase may be attributed to a number of factors. Land and water productivity has increased with average grain production from 1.4 Tons/ha to 2.7 Ton/ha during the last 4 decades (IWMI, 2006) . Global trade in food products also has increased thereby increasing the flow of virtual water. On the negative side are the facts that the population is still increasing, and that the increases are in areas where productivity is low and with inadequate human and economic capacities to upgrade their production. Changing life styles have also changed the dietary habits of many societies that have attained some degree of affluence. The water cost of high protein diets such as meat and dairy products are substantially higher than that of traditional grains. The challenge here is to increase the water productivity.
A third challenge is environmental pollution which is a by-product of economic development. The millennium development goal on environmental sustainability includes integration of the principles of sustainable development into country policies and programmes and reverse the loss of environmental resources, reduction of biodiversity loss, achieving, by 2010, a significant reduction in the rate of loss, halve, by 2015, the proportion of the population without sustainable access to safe drinking water and basic sanitation, and, achieve, by 2020, a significant improvement in the lives of at least 100 million slum dwellers. A new dimension that plays a dominant role in sustainable water management is the concept of ecological flow which links physical sciences with life sciences. Researchers are nowadays focussing on measuring the health of a water body by the abundance of life rather than by physical parameters. Pressing environmental problems include the health issues caused by arsenic in groundwater (e.g. in Bangladesh), recession of groundwater table (e.g. Mexico City, Bangkok, Manila, Beijing, Shanghai as cited in UN Water: www.unwater.org/downloads/Water_facts_and_trends.pdf), eradication of water-borne diseases such as cholera, dysentery, typhoid fever, SARS, hepatitis A etc. and the control of mosquito transmitted diseases such as malaria and dengue fever.
A fourth challenge lies in the area of water-related disasters. Water, despite being essential for all forms of life can also at times be destructive. Floods, landslides, and debris flow are all triggered by excess water. Many regions in the world are vulnerable to water related disasters and the damages as well as the resulting casualties are on the increase. It is also important to note that not only the numbers of disasters are increasing but also the numbers of people affected too because of migration of people into areas with better economic prospects.
Natural hazards are not preventable. In terms of the damages and the casualties, the main fresh water related hazards are floods, landslides, and debris flow. A hazard becomes a disaster when the region and the community are vulnerable and lack the coping capacity. Any approach for mitigating the consequence of a disaster needs to focus on reducing the vulnerability and enhancing the coping capacity. Although there are many international and regional initiatives aimed at disaster reduction, their implementation is slow and lacks high priority due to political, cultural and economic issues particularly in developing countries. It should also be recognized that capital intensive engineered approaches of disaster reduction practiced in developed countries cannot be applied in developing countries. Rather, practices which take into account the local culture, economic status, as well as the political environment would be more effective and implementable. It is only when the community attains a certain degree of affluence that people will begin to think about disasters and invest in disaster mitigation measures. For those living at or below the poverty line, day to day survival by itself is a disaster, and it is very difficult to get them involved proactively on implementing mitigation measures. Although investment in disaster mitigation is considered as a development issue in developed countries, there are other areas of higher priorities where investments need to be channeled in developing countries. More can be achieved by promoting nonengineered approaches of coping with disasters as well as assisting in upgrading the living standards of those in less developed countries.
A fifth challenge lies in climate change . Global warming which is an indicator of climate change is currently a hot topic. The Intergovernmental Panel on Climate Change (IPCC), has concluded that there has been significant temperature rises since the 1970 s which they attribute to global green house gas emissions. The issue has also received endorsements and publicity from powerful circles and personalities. There is no doubt that discernible warming is taking place in some parts of the globe as evidenced by melting of ice caps and glaciers, sea level rises, temperature rises, among other changes. At the same time, there is another school of thought, though not as powerful as those advocating the global warming phenomena, who take the view that the issue is blown out of proportion, and that warming exists locally and that it is premature to conclude that the issue is a global phenomenon. Leaving aside the arguments for and against global warming, it is a fact that the earth has gone through cycles of warming and cooling in the past. Changes have persisted over decades and sometimes over centuries. Although instrumental measurement of temperature started in 1850, various proxy methods (such as tree rings, ice cores, corals etc.) have been used to understand Paleoclimatology. Examples include the Holocene warm period (circa 1800-4000 BP), the Roman warm period (circa 200-500 AD), the medieval warm period (circa 1000-1100 AD) and the little ice age (circa 1200-1800 AD). It has also been shown that there is a 1500-year cycle of global warming (Avery, 2008) . It is also argued that the issue of climate change and global warming in particular has been used as an inhibitor to economic progress in less developed countries. Whether there is global warming or not, the guiding principle is that earth s resources should not be unnecessarily wasted, but should be shared in an equitable manner.
To face these challenges, water professionals need to equip themselves with advances in several fields. Water science is a discipline that encompasses fluid mechanics, hydraulics, hydrology, and more recently life sciences. There are also developments taking place in physics, mathematics and statistics which can be relevant to hydrology. Keeping abreast with developments in such diverse disciplines is a challenge by itself. Modelling the hydrological cycle or parts of it has attracted the attention of many hydrologists. What is often receiving less attention is the validation of such models and the interpretation of the results including the uncertainties associated with them. Modelling alone, however sophisticated, cannot solve problems. They must be validated and that requires reliable data. The way forward therefore is to complement modelling efforts with matching data collection. With the current advances in satellite technology, remote sensing offers a viable alternative to ground based measurements although at the present time the resolutions seem too coarse for certain types of applications.
On the modelling front too, there are issues that need attention. For example, there are many who use borrowed models without attempting to understand the foundations and limitations of such models. Since any model is an approximate representation of a real problem, it is imperative to understand and realize the underlying assumptions, approximations and limitations before application. Without such deep understanding, the interpretations can be misleading.
Responding to different challenges sometimes need addressing conflicting interests. If any of the above challenges are taken in isolation, other challenges may have to be overlooked or ignored. In such situations, a holistic approach giving consideration to the long term sustainability of the entire water sector would be the way forward. An approach in which a balance is sought between development and conservation, and where modern technology and traditional practices go hand in hand would be ideal. The implementation of such an approach requires the will and commitment of all stake holders to share the precious resource of the planet earth in an equitable manner. Failure to do so will result in a situation whereby the water-rich countries can starve the water-poor countries when conflicts reach critical stages. In the not so distant future, water may take the place of oil as a political and economic tool that can be used to manipulate communities and governments.
